To investigate the effects of polysaccharide from Gynostemma pentaphyllum on antioxidant activity in skeletal muscle of mice exercised to exhaustion. Methods: Three polysaccharide fractions were obtained from G. pentaphyllum polysaccharide (GPP) and termed GPP1-a, GPP2-b, and GPP3-a. Gas chromatography (GC) and infrared spectrum of the polysaccharides were determined. The fractions were orally administrated to mice once daily for 1 wk. The exercise time to exhaustion was assessed using a forced swim test of mice after a week. The glucose, creatine phosphokinase, and lactic dehydrogenase in serum; the activity of superoxide dismutase and glutathione peroxidase; and the levels of malondialdehyde (MDA) and glycogen in muscle were determined. Results: The results of GC demonstrated that GPP1-a, GPP2-b, and GPP3-a were composed of different monosaccharides with distinct molar ratios. Infrared spectrum showed that the main typicals of GPP1-a and GPP2-b were β-configuration and the main typical of GPP3-a was α-configuration. Among the 3 fractions of GPP, GPP1-a administration significantly prolonged exercise time to exhaustion of mice, increased glycogen level and some of antioxidant enzyme activities, and decreased MDA level in muscle. Conclusions: The mechanism by which GPP1-a prolonged exercise time to exhaustion in mice may be associated with scavenging reactive oxygen species excessively produced and further increasing glycogen levels in skeletal muscle.
Regular, low-intensity exercise is good for people's health and helps prevent many chronic diseases and premature death (Warburton, Nicol, & Bredin, 2006) . Reactive oxygen species (ROS) generated during muscle contraction have a physiological role in the adaptation to exercise. However, exhaustive exercise can induce production of many ROS in muscle (Balnave & Thompson, 1993; Suzuki et al., 1999) . ROS are harmful to all cellular macromolecules, such as lipids, proteins, and DNA, when they exceed the capacity of the antioxidant defensive system (Gül, Atalay, & Hänninen, 2003; Oztasan et al., 2004; White et al., 2001) . Moreover, increased oxidative stress can result in exercise fatigue (Wang et al., 2010) . The damage resulting from increased oxidative stress may be prevented by optimizing nutrition, particularly by increasing the dietary content of nutritional antioxidants. Polysaccharides act to protect polyunsaturated fatty acids in biological membranes against lipid peroxidation (Luo et al., 2006; Mazaro, Di Stasi, & Kempinas, 2002) .
Gynostemma pentaphyllum Makino is a kind of perennial herb, a climbing shrub of the G. pentaphyllum genus in the gourd family, and recent studies have suggested that the polysaccharide components of G.
pentaphyllum Makino exhibit significant bioactivities including antiaging (Luo & Wang, 2005) , antioxidant stress (Wang & Luo, 2007) , and improving immune competence (Qian, Wang, Kang, Zhang, & Gao, 1998) . In our previous studies (Chi, Chen, Wang, Xiong, & Li, 2008) , the effect of G. pentaphyllum polysaccharides (GPP) was reported on exhaustive exercise time. Therefore, the aims of the current study were to further determine the comparison of the general chemical properties and antioxidant activities of the three components of GPP and explain the mechanism of antifatigue activities through evaluating the levels of glucose, lactic dehydrogenase (LDH), and creatine phosphokinase (CK) in serum; the activity of superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px); and the levels of malondialdehyde and glycogen in muscle.
Materials and Methods

Materials and Analysis of Composition of the Polysaccharides
G. pentaphyllum Makino was purchased from Shaanxi Province (China). The columns of DEAE-52 cellulose, Sephadex G-150, and Sephadex G-200 were from Pharmacia (Sweden). Standard dextran was from Sigma. All other reagents were of the highest quality available in China.
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GPP was extracted with distilled water and precipitated with ethanol. After each extraction, the polymers were separated from residues by filtration. The purification of the polysaccharides was conducted by Sephadex G-200 column chromatography and methods of optical rotation (Wang, Liang, & Luo, 2004) .Three polysaccharide fractions were obtained and termed GPP1-a, GPP2-b, and GPP3-a. Their molecular weights were calculated by the calibration curve obtained by using standard dextran (Wang, Liang, & Zhang, 2001) .
Gas chromatography was used for the identification and quantification of monosaccharide composition (Wang & Luo, 2007) . The sample was carried out by the trimethylsilylation reagent. Gas chromatography was then performed on a 6890 N instrument (Agilent Technologies Co., Santa Clara, CA) equipped with a capillary column (30 m × 0.32 mm × 0.25 μm). The operation was performed under the following conditions: H 2 20 ml/min, air 200 ml/min, N 2 20 ml/min, injection temperature 250 °C, and detector temperature 250 °C; the column temperature was kept at 150 °C for 2 min, increased to 190 °C at a rate of 7 °C/min, held for 2 min at 190 °C, and then increased to 260 °C at a rate of 7 °C/min and held at 260 °C for 2 min.
The infrared spectrum of the sample was determined by the KBr-disk method with a Fourier transform infrared spectrometer (Brucher Corp., Germany) in the range of 400-4,000/cm (Kumar, Joo, Choi, Koo, & Chang, 2004) . The ultraviolet spectrogram of samples was measured from 190 to 600 nm of wavelength with a Lambd 950 instrument (Perkin-Elmer Corp., Waltham, MA).
Experimental Design and Animals
Male 2-month-old Kunming mice were randomly divided into 11 groups, 10 mice per group. During experiments, all the mice were housed in cages maintained at a temperature-(22 °C ± 2 °C), humidity-(50% ± 10%), and 12-hr day/night light-cycle-controlled room. Three polysaccharide components (GPP1-a, GPP2-b, and GPP3-a) were individually dissolved in a small amount of distilled water before administration. The mice in the GPP1-a, GPP2-b, GPP3-a groups were administrated these three polysaccharide components orally with doses of 50, 100, 150 mg/kg at 8 a.m. every day. The mice in the normal and control groups were treated with an equal volume of distilled water at the same time every day. A week later, mice were swum with a wire of 5% body weight tied their tails in a pool (length 65 cm, width 50 cm, depth 50 cm) filled to 30 cm depth of water at 30-35 °C. Mice were regarded as exhausted when they went underwater for 8 s, and their swimming time was immediately recorded.
Serum Analysis and Tissue Preparation
About 24 hr after exercise, mice were anesthetized with intraperitoneal injection of ketamine (80 mg/kg) and xylazine (4 mg/kg). After anesthetization, blood was withdrawn from the heart and serum was prepared by centrifugation at 3,000 rpm at 4 °C for 10 min.
Mice were then killed by decapitation. Hind-limb skeletal muscle was quickly excised, washed with cold physiological saline, immediately frozen in liquid nitrogen, and stored at -80 °C until analyses were performed. Their homogenates were prepared with physiological saline in a 1:9 (w:v) ratio before homogenating with FS-1 homogenizer (Shanghai Chengtian 110 Scientz Biotechnology Co. Ltd.) at 4 °C, and the concentration of the solution was adjusted to 5 mg/ml. The suspension was centrifuged at 3,500 rpm at 4 °C for 15 min, and supernatant was used for the following estimations of the activity of SOD and GSH-Px and the levels of glycogen and malondialdehyde. Protein concentration was measured using Bradford's (1976) method, using bovine serum albumin to generate the standard curve, and the absorbance was measured at 595 nm.
Analytical Method
Levels of glucose, LDH, and CK were determined using an autoanalyzer (Hitachi 7020, Hitachi, Japan).
Glycogen content in muscle tissue was determined in samples of frozen tissue by measuring amyloglucosidasereleased glucose from glycogen (Bergmeyer, Berndt, Schmidt, & Stork, 1974) . The assay for SOD was based on its ability to inhibit the oxidation of oxyamine by the xanthine-xanthine oxidase system. Results were expressed as unit per gram muscle tissue. The GSH-Px activity assay was based on the method of Paglia and Valentine. Lipid peroxidation was assayed by measurement of the levels on the base of malondialdehyde, which was determined following the instructions on the kit. The content of malondialdehyde was expressed as nmol per gram protein.
Statistical Analysis
All values were expressed as M ± SD (n = 10), and differences between groups were assessed by analysis of variance (ANOVA) and Student's t test. Significance was assumed at p < .05.
Results
Analysis of Composition of the Polysaccharides
GPP was isolated from the hot-water extract of Gynostemma pentaphyllum Makino with a yield of 11.44% and fractionated on a DEAE-52 cellulose column. Three main fractions were then obtained and further purified by gel chromatography on a Sephadex G-150 column, then named GPP1-a, GPP2-b, and GPP3-a. The gas chromatogram of GPP1-a, GPP2-b, and GPP3-a is shown in Figure 1 . GPP1-a was only composed of arabinose, galactose, and glucose with molar ratios of 0.18:0.72:1.00. GPP2-b was composed of arabinose, ribose, xylose, galactose, and glucose with molar ratios of 0.38:0.64:0.97:1.26:1.00. GPP3-a was composed of ribose, fructose, galactose, and glucose with molar ratios of 1.62:0.54:0.49:1.00. Infrared spectra of GPP1-a, GPP2-b, and GPP3-a were determined and shown in Figure 2 . Peaks at 890.32/cm and 894.21/cm showed that the main typical of GPP1-a and GPP2-b were β-configuration; the main typical of GPP3-a is α-configuration for the peak at 849.1/cm.
Effects of Three Fractions of GPP on Exercise Time to Exhaustion in Mice
To explore the bioactivities of the different fractions of GPP, mice were orally given the three main fractions for 1 week. They were then swum and the exercise time to exhaustion was measured. As shown in Table 1 , GPP1-a significantly prolonged exercise time to exhaustion in mice, and it showed a dose-dependent manner in percentage of prolongation. GPP2-b and GPP3-a failed to prolong exercise time to exhaustion in mice. These results indicate that GPP1-a is the major active fraction of GPP.
Effects of Polysaccharide Administration on Serum Biochemical Parameters
As expected, the exhaustive exercise led to significant increases in LDH and CK and a decrease in glucose in serum in comparison with the normal group. On the other hand, the effects on LDH were blocked by GPP1-a (50, 100, and 150 mg/kg) and GPP3-a (100 mg/kg), and the effects on CK were blocked by 100 and 150 mg/kg of GPP1-a and 150 mg/kg of GPP2-b and GPP3-a ( Table 2) .
Effects of Polysaccharide Administration on the Level of Malondialdehyde and Glycogen and the Activities of Antioxidant Enzymes in Muscle
As shown in Table 3 , this model of experimental exhaustive exercise promotes oxidative stress in skeletal muscle of mice. The content of glycogen and the activity of GSH-Px decreased and malondialdehyde concentration increased in skeletal-muscle tissue of mice exercised to exhaustion in comparison with the normal group (p < .05). However, these effects were blocked in comparison with the exercise control group. The treatments of GPP1-a (100 and 150 mg/kg) and GPP2-b (150 mg/ kg) can significantly recover muscle glycogen levels, GPP1-a (50, 100, and 150 mg/kg) and GPP3-a (150 mg/kg) significantly increased the activity of GSH-Px, and GPP1-a (100 and 150 mg/kg), and GPP2-b (100 mg/kg) significantly decreased the level of malondialdehyde in skeletal-muscle tissue of mice exercised to exhaustion,
Discussion
In exercise-fatigue conditions, the activities of SOD and GSH-Px are generally considered indicators of the capacity of the antioxidant defensive system (Lenaz, 1998) . Malondialdehyde is an oxidative degradation product of cell-membrane lipids, and its level is an indicator of lipid peroxidation (Alessio & Goldfarb, 1988) . These conditions are also marked by the release of LDH and CK into the serum, serving as an indirect index of the damage of membrane structure (Passarella et al., 2008) . Energy use leads to reduction of glycogen in muscle (Niu, Wu, Yu, & Wang, 2008) and glucose in serum (Jung, Kim, & Han, 2004) , and the level of muscle glycogen is one of key factors of evaluating exercise time to exhaustion. A valid animal model for screening antifatigue agents was adopted in this study (Kim et al., 2001; Koo, Lee, Hong, & Kim, 2004) . As indicators for oxidative stress, the study showed that the muscle could have been assaulted by the ROS for higher activity of LDH and CK in mice serum after exhaustive exercise. It also provided some evidence such as lower activity of SOD and GSH-Px and higher level of malondialdehyde in muscle. On the other hand, we found that the muscle glycogen level decreased significantly after exhaustive exercises in this study, possibly as a results of muscle damage (White et al., 2001) . All the results could indicate that there is a relationship between free-radical attack and exhaustive exercise.
In the current study, we found that all effects were blocked just after polysaccharide administration (especially GPP1-a); these results include the lower activity of LDH and CK in serum, a higher activity of SOD and GSH-Px and glycogen levels, and the decrease of malondialdehyde content in muscle. This is similar to results of other works (Niu et al., 2008) and suggested that the antifatigue effect of GPP1-a probably occurred through protection of corpuscular membrane by preventing lipid oxidation via modifying several enzyme activities.
Considerable evidence has indicated that the role of polysaccharide in scavenging ROS is likely associated with hydrogen and hydroxyl of the polysaccharide chain (Schuchmann & Sonntag, 1978) , and their monosaccharide composition and characterization in polysaccharide also significantly affect the role of polysaccharide in scavenging ROS (Kardosova & Machova, 2006) . The underlying mechanisms by which GPP1-a prolongs exercise time to exhaustion in mice may be associated with the role of GPP1-a in scavenging ROS excessively produced and further increase glycogen levels in skeletal muscle to enhance exercise performance in experimental animals undergoing exhaustive exercise.
In summary, exhaustive exercise can significantly increase oxidative stress. Furthermore, 1 week of GPP1-a supplementation markedly decreased oxidative stress and increased the level of muscle glycogen. Our results indicate that GPP1-a supplementation is Note. Mice in polysaccharide groups were orally given GPP1-a, GPP2-b, or GPP3-a at doses of 50, 100, or 150 mg · kg -1 · day -1 , respectively, for 1 week. Then mice in polysaccharide groups and control group were swum with a load of 5% body weight tied their tails. The exercise time to exhaustion was recorded. a Percentage of prolongation = (exhaustion time of this group -exhaustion time of the control group) ÷ exhaustion time of the control group.
*Vs. control group (p < .05).
effective in preventing oxidative stress after exhaustive exercise. 
